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Description 

Field of the Invention 

5 [0001] The present invention relates to a novel gene for promoting the formation of plant root hairs, as well as trans- 
genic plants overexpressing this gene. 

Background of the Invention 

10 [0002] Known mutants on plant root hairs include those with an increased number of root hairs, such as ttg (trans- 
parent test glabra), g12 (glabrous2) (Galway M. E. et al., Dev. Biol. 166 740-754 (1994), Rerie W. G. et al., Genes & 
Development. 8 1388-1399 (1994)) and those with root hairs of abnormal shapes, such as rhdl, rhd2, rhd3 and rhd4 
(Schiefelbein, J. & Somerville, C, Plant Cell 2 235-243 (1 990)). Known mutants with a less number of root hairs include 
rhd6, and these mutants are complemented with a plant hormone such as auxin (Masucci, J. D. & Schiefelbein, J. W., 

15 Plant Physiol. 106 1335-1346 (1994)), but a mutant not complimented with a plant hormone such as auxin, that is, a 
mutant having abnormality in its signal transmission system for making root hairs, was not known. 

Summary of the Invention 

20 [0003] If a mutant coming to have a less number of root hairs due to abnormality in the signal transmission system 
for making root hairs can be separated, a gene involved in forming root hairs could be identified by examining the site 
with this abnormality. 

[0004] The present invention was made under these technical backgrounds, and the object of the present invention 
is to isolate a novel gene for promoting the formation of plant root hairs and to provide transgenic plants having the 

25 gene introduced into them. 

[0005] As a result of their eager research, the present inventor successfully isolated mutated Arabidopsis with a less 
number of root hairs, cloned a gene involved in this mutation in said plant, further introduced the gene into wild-type 
Arabidopsis to express it, and on the basis of these findings they completed the present invention. 
[0006] That is, the present invention is a novel gene coding forthe amino acid sequence of SEQ ID NO:1 or an amino 

30 acid sequence substantially identical with the amino acid sequence of SEQ ID NO:1 . 

[0007] The present invention therefore provides a polynucleotide coding forthe amino acid sequence of SEQ ID NO: 
1 or for a fragment of the said amino acid sequence which promotes the formation of plant root hairs. 
[0008] There is also provided: 

35 - an isolated DNA fragment comprising a promoter operably linked to a DNA sequence of the invention; 
a vector which comprises an isolated DNA fragment of the invention; 

a plant cell transformed with an isolated DNA fragment of the invention or a vector of the invention; 
a transgenic plant which has been regenerated from a plant cell of the invention; 
a transgenic plant comprising cells of the invention; 
40 - seed obtained from a transgenic plant of the invention ; 

a method of producing a transgenic plant, which method comprises: 

(i) transforming a plant cell with a vector as claimed in claim 5 or 6; 

(ii) regenerating a plant from the transformed cell; and 

45 (iii) optionally, biologically replicating the plant that is produced. 

Brief description of the drawings: 
[0009] 

50 

FIG. 1 is a photograph of a root of caprice. 
FIG. 2 shows Southern blotting of caprice and the wild-type. 
FIG. 3 shows the Hindi II cleavage sites of caprice and the wild-type. 
FIG. 4 is a photograph of a root of a plant overexpressing the CPC gene. 
55 FIG. 5 is a photograph of a leaf of a plant overexpressing the CPC gene. 

FIG. 6 is a photograph of a stem of a plant overexpressing the CPC gene. 
FIG. 7 is a photograph of leaves of ttg, gl1 and gl2, respectively. 
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Detailed Description of the Invention 

[0010] Hereinafter the present invention is described in detail. 

[001 1] The gene of the present invention codes the amino acid sequence of SEQ ID NO:1 or an amino acid sequence 
5 substantially identical with the amino acid sequence of SEQ ID NO:1 . The polynucleotide coding for the amino acid 
sequence of SEQ ID NO:1 may be a DNA sequence. The DNA sequence may be the DNA sequence of SEQ ID NO: 
2 which encodes the amino acid sequence of SEQ ID NO:1 . The "amino acid sequence substantially identical with the 
amino acid sequence of SEQ ID NO:1" herein used refers to an amino acid sequence represented by SEQ ID NO:1 
with some amino acids being deleted, replaced, added etc. and with the same working effect as that of the amino acid 
10 sequence of SEQ ID NO:1 , i.e. having the effect of promoting the formation of plant root hairs. To cause some amino 
acids to be deleted, replaced, added etc., techniques known in the state of art, for example site-directed mutagenesis 
(Nucleic Acid Research, Vol. 10, No. 20, pp. 6487-6500 (1982)), can be used. 

[0012] The gene of the present invention works for promoting formation of root hairs. This can be inferred from the 
fact that a mutant with this gene destroyed has a less number of root hairs. Although known mutants with a less number 
15 of root hairs include rhd6 as mentioned in "Background of the Invention", a mutant originating in the gene of the present 
invention differs from rhd6 in that it is not compensated with a plant hormone. Therefore, this mutant is not known. The 
present inventors named this mutant "caprice" because it produces root hairs in some cases but not in other cases, 
and a gene involved in this mutation was designated "CPC". 

[0013] The CPC gene can be cloned for example in the following manner. First, genomic DNA isolated from Arabi- 
20 dopsis was cleaved with a suitable restriction enzyme, the fragmented DNA is linked to a suitable vector, and this 
recombinant vector is transformed into a microorganism as a host to prepare a genomic DNA library. Isolation of the 
DNA can be carried out using cesium chloride and ethidium bromide in a usual manner. It is not necessary for the 
restriction enzyme to be special. For example, Sau3AI etc. can be used. It is not necessary for the vector to be special 
as well. For example, X-DASH II etc. can be used. The vector may be a plasmid. The microorganism to be used as a 
25 host can be selected depending on the vector used. For example, if X -DASH II is used as the vector, E. coli XL-1 Blue 
MRA(P2) etc. can be used. 

[001 4] Then , the above genomic DNA library is screened. The probe used is DNA located near T-DNA in the mutant 
caprice. Because the CPC gene of the caprice has been destroyed by inserting T-DNA, DNA near T-DNA contains a 
part of the CPC gene. 

30 [0015] The vector is removed from the positive clone thus selected with the above probe, and a DNA fragment 
obtained from this vector is used as a probe for screening of a cDNA library. This cDNA library can be prepared in a 
usual manner. That is, total RNA is isolated from the plant, then oligo(dT) etc. is used to isolate mRNA from the total 
RNA, and the mRNA is used to prepare cDNA by reverse transcriptase. The cDNA is linked to a suitable vector and 
the resulting recombinant vector is transformed into microorganisms as a host. The recombinant vector contained in 

35 the positive clone selected by screening contains the CPC gene of the present invention. 

[0016] The expression of the CPC gene in plants can be effected by inserting the CPC gene into a suitable plant 
expression vector and then introducing the resulting recombinant vector into plants. The plant expression vector herein 
used is not limited if it has a promoter and a marker gene capable of functioning in plants. Preferably, the vector has 
a 35S promoter from cauliflower mosaic virus, capable of functioning in a wide variety of plants. Such vectors include 

40 pBI1 21 (Clontech) etc. in addition to pMAT137-Hm used in the Examples. To introduce the vector into plants, Agro- 
bacterium is preferably used, but other means such as electroporation, a particle gun etc. may also be used. Plants 
used to express the CPC gene include, but are not limited to, rose, tobacco, tomato, rice : maize, petunia, Brassica 
etc., and these plants are preferably used. 

[0017] The CPC gene of the present invention functions as follows: 

45 

(1 ) It works for promoting the formation of root hairs for plants. Therefore, a plant having more root hairs than usual 
one can be produced by the introduction and excessive expression of the CPC gene. Such plants are expected 
to be more resistant to dryness because of their high ability to absorb water. 

(2) It works for reducing trichomes in leaves and stems. Therefore, a plant such as rose will be able to have less 
50 thorns by the introduction and excessive expression of the CPC gene. 

(3) It works for hastening the flowing time of a plant. Therefore, it is expected that a plant will flower earlier by the 
introduction and excessive expression of the CPC gene. 

(4) It works for reducing an accumulation of anthocyanin in leaves. That is, when Arabidopsis is grown at a low 
temperature of about 16°C , its leaves etc. turn reddish purple because of the accumulation of anthocyanin pig- 

55 ments. However, anthocyanin is hard to accumulate in a plant where the CPC gene is excessively expressed, so 

the color of its leaves remains green even if grown at 16 °C. Because a red color in flowers is generally caused 
by anthocyanin type pigments, it is expected that a plant with colored flowers can change the color of its flowers 
by the introduction and excessive expression of the CPC gene. 
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Effect of the Invention 

[001 8] The present invention provides the CPC gene which is a novel gene for promoting the formation of root hairs 
for plants. The introduction and expression of this gene in plants promotes formation of root hairs while trichomes in 
5 leaves and stems can be decreased. 

Embodiment for Carrying Out the Invention 

Example 1 . Production of Transgenic Plants 

10 

[001 9] Seeds from Arabidopsis thaliana (variety: Wassilewskija [WS]) were sterilized and seeded in an agar medium . 
During two to four days after seeding, the seeds were cultivated in the dark to break dormancy, to attain uniform 
germination and to flower earlier. Thereafter, they were cultivated at 22°C under continuous lighting. For sterilization, 
the seeds were placed in a 1 .5 ml Eppendorf tube, followed by adding 0.5 ml sterilized distilled water containing 1 0 % 

15 Highter™ (Kao Corporation) and 0.02 % Triton X-100. The seeds in the tube were stirred with Boltex™ ; then left at 
room temperature for 3 to 5 minutes, and washed 5 times with sterilized distilled water. As the agar medium, a nutrient 
salt solution for Arabidopsis thaliana (985 ml distilled water or deionized water, 5 ml of 1 M KN0 3 , 2 ml of 1 M MgS0 4l 
2 ml of 1 M Ca(N0 3 ) 2 , 2.5 ml of 20 mM Fe-EDTA, 1 ml trace element solution, 2.5 ml K-P0 4 buffer (pH 5.5)) (Hideaki 
Shiraishi et al., "Gendai Kagaku" (Modern Chemistry), Extra Edition 20, Plant Biotechnology II, page 38, (1991)) was 

20 diluted with an equal volume of distilled water and then agar powder (guaranteed reagent, Nakarai K.K.) was added 
to it at 1 .5 % concentration, and it was autoclaved and poured into a vessel to be solidified. Because this concentration 
of an agar medium permits the Arabidopsis to grow its roots on the agar surface without entering into the medium, the 
form of the roots can be easily examined in the subsequent step. The light source used was a commercial two 40 kw 
white fluorescent lamps and one fluorescent lamp for plant growth (Homolux ™ , National) and the seeds were irradiated 

25 with light about 30 cm apart from the light source. The brightness of this light source was about 3000 lux. 

[0020] Three weeks after seeding, Agrobacterium was inoculated onto 40 Arabidopsis seedlings. The inoculation of 
Agrobacterium was carried out by cutting a floral stem of Arabidopsis to infect it with Agrobacterium, according to a 
modification of the in planta method (Chang et al., Plant J., 5 551-558 (1994)). The Agrobacterium used was Agrobac- 
terium tumefaciens C58C1Rif obtained from Velten, J et al. (Velten, J. and Schell, J, Nucl. Acids Res. 13, 6981-6998 

30 (1985)). This strain contained an intermediary system vector pGV3850HPT in which a hygromycin transferase gene 
was located as a plant selective marker between its right and left borders downstream of a 35S promoter derived from 
cauliflower mosaic virus. 

[0021] After inoculation of Agrobacterium, the Arabidopsis was planted in culture soil consisting of a mixture of ver- 
miculite and perlite (1 : 1). 1.5 to 2 months after planting, their seeds (T2 seeds) were harvested. The seeds were 
35 sterilized in the same manner as above, seeded and grown in a hygromycin-containing medium (mixed salt for 1 x 
Ganborg B5 medium, 1 % sucrose, 0.8 % agar, 10 mg/l hygromycin B) and those resistant to hygromycin were picked 
up and planted in culture soil. The culture soil was the same as described above. 1 .5 to 2 months after planting, their 
seeds (T3 seeds), obtained by self-pollination, were harvested. 

40 Example 2. Screening of Root Mutant 

[0022] The T3 seeds obtained in Example 1 were sterilized, seeded and cultivated in an agar medium. The sterili- 
zation method and the agar medium were the same as described above. The agar medium was placed in a transparent 
plasticvessel sothattheform of roots could be easily examined (No. 2 rectangular vessel [14x10cm], Eiken Kizai K.K.). 
45 [0023] The form of roots was examined with transmitted light under a stereoscopic microscope OLYMPUS SZH-IDDL. 
Roots from about 300 lines of transgenic Arabidopsis were examined, from which one mutant line with a less number 
of roots was isolated. The roots of this mutant are shown in FIG. 1 . The mutant is shown in the right and the wild-type 
in the left. As is evident from FIG. 1 , this mutant has a less number of root hairs than that of the wild-type, but there is 
no difference between the two in the length of their root hairs. 

50 

Example 3. Genetic Investigation of Caprice 

[0024] To examine the mutation in caprice genetically, caprice was backcrossed with the WS strain i.e. a wild-type 
strain of Arabidopsis. The crossing of caprice with the WS strain was conducted as described by Okada et al., as 
55 follows. A caprice bud whose stamen anther did not dehisce was opened with a pair of tweezers (Dumoxel No. 5. 
available from A Dumonte Fils), and all exceptforthe pistil were removed and the remaining pistil was used as a female 
parent. A pair of tweezers and fingertips were previously sterilized with 95 % ethanol to prevent contamination with 
pollen. About 2 days after this treatment, the stigma of the caprice pistil was confirmed to have no pollen attached to 
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it, and then pollens collected from a flower of the WS strain were put to the stigma of the caprice pistil. This backcross 
gave fourteen F1 plants. They all had the phenotype of the wild-type. 

[0025] All the 14 plants were then self-pollinated to give F2 progeny. In the F2 progeny, 257 plants had the phenotype 
of the wild-type and 67 plants had the phenotype of the caprice. Because this F2 generation showed a 3:1 ratio of the 
5 wild-type to caprice phenotype, it was estimated that caprice resulted from a mutation on one recessive allele. 

Example 4. Isolation of Genomic DNA from Transgenic Arabidopsis 

[0026] The isolation of genomic DNA from Arabidopsis was carried out as described by Doyle and Doyle (Isolation 

10 of plant DNA from fresh tissue, Focus 12, 13-15 (1990)), as follows: 

[0027] Three to four weeks after germination, 2 to 3 developed rosette leaves were removed from Arabidopsis (ca- 
price) with a pair of tweezers, placed in 1 .5 ml Eppendorf tube, and disrupted with a pellet pestle (Kontes) in 200 ml 
CTAB buffer (3 % cetylmethylammonium bromide, 1.4 M NaCI, 0.2 % 2-mercaptoethanol, 20 mM EDTA, 100 mM 
Tris-HCI (pH 8.0)). Additional 300 ml CTAB buffer was added to it and kept at 60°C for 30 minutes. Thereafter, chloroform 

15 was added to it, and the supernatant was recovered and precipitated with isopropanol. After RNase treatment, phenol 
treatment, and ethanol precipitation, the sample was dissolved in 10 to 25 ml Tris-EDTA (10 mM Tris-HC1 (pH 8.0), 1 
mM EDTA-Na 2 (pH 8.0)). 

Example 5. Southern Analysis of Genomic DNA from Transgenic Arabidopsis 

20 

[0028] The genomic DNA from Arabidopsis (caprice) obtained in Example 4 was analyzed by Southern blotting. The 
Southern blotting was carried out as described in Current Protocol (Ausubel et al. (1987)). 

[0029] 0.5 to 1j-ig of the DNA obtained from caprice was cleaved with Hindi 1 1 and subjected to agarose electrophore- 
sis. After electrophoresis, the gel was immersed in 0.25 M hydrochloric acid and then shaken for 1 0 minutes. The gel 
25 was then shaken once in a denaturant solution (1 .5 M NaCI, 0.5 M NaOH) for 30 minutes and twice in a neutralization 
solution (1 .5 M NaCI. 0.5 M Tris-HCI pH 7.2, 1 mM EDTA) for 20 minutes. After shaking, Hybond N (trade mark) 
(Amersham) was placed on the gel and irradiated with UV rays from UV stratalinker (trade mark) 2400 (Stratagene) 
to fix the DNA on it. 

[0030] Separately, a probe was prepared by removing a left border region from pGV3850HPT and labeling it with 
30 [a-32P]dCTP by a random primer labeling kit (Takara Shuzo Co., Ltd.). The above Hybond N was immersed overnight 
in a hybridization solution containing this probe (5 x SSC, 0.1 % N-lauroylsarcosine, 0.02 % SDS, 1 % blocking reagent 
(Boehringer)) for hybridization. As a result, only one single band appeared in the position of 4.9 kb : similar to FIG. 3 
as described below. 

35 Example 6. Isolation of Genomic DNA Near T-DNA from Arabidopsis 

[0031] Because it was estimated from Example 5 that only one T-DNA was inserted into only one position in the 
genomic DNA of caprice, isolation of genomic DNA near the T-DNA was attempted by the inverse PCR technique. The 
inverse PCR technique followed the method of Deng et al. (Cell 71 791-801 (1 992)). 
40 [0032] The caprice DNA obtained in Example 4 was cleaved with Hindi II (Takara Shuzo Co., Ltd.) and then electro- 
phoresed in 1 % agarose gel, and a gel portion containing DNA with 4 to 6 kb was cut off from from the gel. and DNA 
was extracted. To this DNA was added DNA ligase (Takara Shuzo Co., Ltd.) for self-ligation, and PCR was carried out 
with the following primers (LB1 and LB2) to amplify the left border in the outward direction. 

45 

LBLi CAC GCC ATC GAT GTA ATA ATT GTC ATT GTC ATT AGA TTG T 



50 LB 2: GAG CTA TTG GCA CAC GAA GAA TGG T 

[0033] PCR was carried out in 35 cycles each consisting of reactions at 94 °C x 30 seconds, 60°C x 30 seconds, 
and 72°C X 30 seconds in GeneAmp (trade mark) PCR system 9600 (Perkin Elmer). As a result, an about 2 kb fragment 
was amplified. 

55 [0034] Then , this fragment was used as a probe to isolate DNA from caprice and the wild-type WS strain respectively, 
and the DNA was cleaved with Hindlll and then subjected to Southern blotting. The Southern blotting was carried out 
in the same manner as in Example 5. The result is shown in FIG. 2. In this photograph, "wt" is the wild-type WS, and 
1-11 are caprice. As shown in FIG. 2, the DNA from caprice showed a band at the position of 4.9 kb, similar to the case 
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where the left border was used as a probe, while the DNA from the wild-type WS showed a band at the position of 
about 11 kb. 

[0035] This difference in the band positions between the 2 strains is attributable to the presence of a Hindlll cleavage 
site in the left border which was inserted into the genomic DNA of caprice. As shown in FIG. 3, the wild-type DNA into 
5 which the left border was not inserted is cleaved at only the 2 cleavage sites inherent in its genomic DNA. On the other 
hand, the caprice DNA into which the left border was inserted is cleaved further at the cleavage site located in the left 
border, resulting in the shorter fragment. 

Example 7. Cloning of the CPC Gene 

10 

[0036] The part of the WS strain over the ground was collected and the tissues were frozen in liquid nitrogen and 
crushed in a mortar, and DNA was isolated with cesium chloride and ethidium bromide. The isolated DNA was partially 
digested with Sau3AI (Takara Shuzo Co., Ltd.) and subjected to sucrose density-gradient centrifugation. Fractions 
containing 15 to 20 kb fragments were collected and this genomic DNA was then ligatedto y-DASH II previously cleaved 

15 with BamHI (Takara Shuzo Co., Ltd.). The resulting recombinant vector was subjected to invitro packaging with Giga- 
pack II Packaging Extract (Stratagene). About 100,000 phages thus packaged were scattered on an LB plate (1 L 
deionized water, 10 g Bacto-trypton, 5 g Bacto-yeast, 10 g NaCI, and 1.2 % agar) to construct a genomic library of 
Arabidopsis. This library was then screened where the about 2 kb DNA fragment isolated in Example 6 was used as 
a probe. As a result, 4 positive clones were isolated. These phage clones were cleaved with EcoRI and Xbal and then 

20 subjected to Southern blotting with the above 2 kb DNA fragment as a probe. Out of the fragments with which the probe 
was hybridized, 3 fragments, that is, 4.4 kb fragment cleaved with EcoRI and 7.3 kb and 5 kb fragments cleaved with 
Xbal, were cloned in plasmid vector Bluescript SK+ (Stratagene). 

[0037] Then, total RNA was isolated as described in Current Protocol from roots of Arabidopsis. 2 to 4 g of root 
tissues from Arabidopsis were frozen in liquid nitrogen and crushed in a mortar. It was then stirred in a buffer containing 

25 guanidine thiocyanate and ultracentrifuged (22,000 r.p.m. for 16 hours) to precipitate the RNA. The precipitate was 
suspended in a solution containing 5 mM EDTA, 0.5 % sarcosyl, and 5 % 2-mercaptoethanol to recoverthe RNA. From 
the total RNA thus obtained, poly(A)+ RNA was recovered using Oligotex-dT30 [Super]™ (Nippon Roche K.K.). The 
poly(A) + RNA could be recovered in the range of 0.5 to 1 % of the total RNA. An oligo-dT primer with an Xhol cleavage 
site at the 3-terminal was annealed to the recovered poly (A) + RNA (5jig), and reverse transcriptase (Strata Script 

30 (trade mark) reverse transcriptase, produced by Stratagene) was used to synthesize double-stranded cDNA from it. 
Because this double-stranded cDNA had the EcoRI and Xhol cleavage sites at the 5'- and 3'-terminals respectively, it 
was cloned in ZAPII vector (Stratagene) previously cleaved with EcoRI and Xhol. The resulting recombinant vector 
was subjected to in vitro packaging with Gigapack II Packaging Extract (Stratagene). About 300,000 packaged phages 
were scattered on an LB plate containing E. coli XLI-Blue MRF 1 to prepare a cDNA library of Arabidopsis, and this 

35 library was screened with the above 5 kb fragment cleaved with Xbal. As a result, 4 positive clones were separated. 
The longest cDNA contained in the resulting clones was sequenced. This sequence reaction was carried out using 
Dye primer cycle sequencing FS kit and Dye terminator cycle sequencing FS ready reaction kit (Perkin Elmer), and 
the nucleotide sequence was determined with a fluorescent automatic sequencer (Model 370A, ABI). The sequence 
thus determined is shown in SEQ ID NO:2. The length of the cDNA was 584 bp, and the translation of its longest ORF 

40 gave 94 amino acids with a molecular weight of 11 kD. As shown in SEQ ID NO: 2, two termination codons were present 
upstream of the origin of replication. 

Example 8. Preparation of Plants with Excessive Expression of the CPC Gene 

45 [0038] pMAT137-Hm (obtained from Dr. Ken Matsuoka, Applied Biological Chemistry, Agricultural Department, 
Nagoya University, Japan; Matsuoka, K. and Nakamura, K., Proc. Natl. Acad. Sci. USA 88, 834-838 (1991)) was cleaved 
with restriction enzymes Xbal (Takara Shuzo Co., Ltd.) and Kpnl (Takara Shuzo Co., Ltd.). In this vector, three 35S 
promoters from cauliflower mosaic virus are linked in tandem and an arbitrary gene can be cloned in a multicloning 
site located downstream of the promoters. Further, a hygromycin transferase gene is linked as a drug resistant gene 

50 to another 35S promoter and can function as a drug resistant gene in E. coli, Agrobacterium, and plants. 

[0039] The CPC gene cloned in Bluescript SK+ vector (Stratagene) was cleaved in the same manner as above with 
restriction enzymes Xbal (Takara Shuzo Co., Ltd.) and Kpnl (Takara Shuzo Co., Ltd.) and then ligated to pMAT137-Hm 
using DNA Ligation Kit Ver. 2 (Takara Shuzo Co., Ltd.). This plasmid (referred to hereinafter as "pMAT137-Hm+CPC") 
was introduced into E. coli JM109 (Takara Shuzo Co., Ltd.) using Gene Pulser (BioRad), and the transformed E. coli 

55 was screened in an LB medium (1 % Bacto-trypton, 0.5 % Bacto-yeast extract. 1 NaCI, 1 .2 % agar powder) containing 
50 mg/l hygromycin B (Wako Pure Chemistry Industries, Ltd.). 

[0040] The plasmid was extracted from the transformed E. coli in DNA automatic separator P1100Z (Kurabo Indus- 
tries Ltd.). This plasmid pMAT137-Hm+CPC was introduced into Agrobacterium tumefaciens C58C1Rif using Gene 
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Pulser (BioRad). 

[0041] The Agrobacterium was cultured in an LB medium under shaking and transformed into the WS strain of Ara- 
bidopsis (scientific name: Arabidopsis thaliana) in the vacuum infiltration method (Bechtold, N et al., C. R. Acad. Sci. 
Paris, Life Science 316, 1194-1199 (1993)). The transformed plant was planted in culture soil and its seeds were 
5 harvested and screened for a drug resistant recombinant in a hygromycin-containing medium (mixed salt for 1 x Gan- 
borg B5 medium (Wako Pure Chemical Industries, Ltd.), 1 % sucrose, 0.8 % agar powder. 10 mg/ml hygromycin B 
(Wako Pure Chemical Industries, Ltd.). As a result, two transformants were obtained. These plants were planted and 
grown in culture soil, and their seeds were harvested. 

[0042] Plants from the harvested seeds having plasmid pMAT1 37-Hm+CPC inserted into their genome were exam- 
10 ined for the number of their hair roots (number of hair roots/1 mm root). The determination of hair roots was made by 
examination under a stereoscopic microscope and 20 plants were examined for each line. The average number of hair 
roots ± standard error is shown in Table 1 . A photograph of roots of Arabidopsis under a stereoscopic microscope is 
shown in FIG. 4. In FIG. 4, "A" shows the wild-type; "B", mutant "caprice"; and "C", the plant with excessive expression 
of the CPC gene. 

15 



Table 1 



Strain 


Number of Root Hairs (number/mm) 


wild-type 


43.2 ± 1.0 


mutant "caprice" 


10. 6± 0.6 


mutant "g12" 


111. 8± 6.2 


mutant "ttg" 


98.2 ±3.8 


double mutant "g12 caprice" 


100.4 + 2.4 


double mutant "ttg caprice" 


65.2 + 2.6 


plant #1 with excessive expression of CPC gene 
plant #2 with excessive expression of CPC gene 


135.2 + 4.8 
102.4 + 3.2 



[0043] As shown in Table 1 . the root hairs of the planta having plasmid pMAT1 37-Hm+CPC inserted into their genome 
30 are 2- or 3-times as much as those of the wild-type (plants #1 and #2 have 3.1- and 2.3-times root hairs as much as 

the wild-type respectively). That is, the number of root hairs is increased with excessive expression of the CPC gene 

in Arabidopsis, while the number of root hairs is decreased in the mutant "caprice" with the CPC gene being destroyed. 

[0044] There was a reduction in the number of trichomes in leaves and stems of the plants having pMAT1 37-Hrrn-CPC 

introduced into their genome . Trichomes are outgrowths from epidermal cells in leaves, stems etc. over the ground, 
35 and a trichome in a leaf is divided into 3 branches. FIGS. 4B and 5B show respectively a leaf and stem of the plant 

with excessive expression of the CPC gene. FIGS. 4A and 5A show respectively a leaf and stem of the wild type. 

[0045] In summary, the plant with excessive expression of the CPC gene has an increased number of root hairs, 

while having a less number of hairs on its leaves and stems i.e. on the portion over the ground. 

[0046] As other Arabidopsis mutants having an increased number of root hairs, ttg and g1 2 were identified (Galaway 
40 et al., 1994; Massuci et al., 1996). These 2 mutants were originally separated as mutants on trichomes of leaves 

(Koorneef et al., 1982; Hulskamp et al., 1984, FIG. 5). 

[0047] The phenotype of the plant with excessive expression of the CPC gene is the same as that of ttg and g1 2 in 
respect of root hairs and trichomes. 

45 Example 9. Construction of Double Mutants on Root Hairs 

[0048] Caprice was crossed respectively with g1 2 and ttg to give a double mutant as a cross between caprice and 
g12 and a double mutant between caprice and ttg. 

[0049] The phenotype for root hairs of the double mutant between caprice and g1 2 was similar to that of g1 2 (Table 
so 1 ). This suggested that the CPC gene is located upstream of the gl2-related gene. 

[0050] The phenotype for root hairs of the double mutant between caprice and ttg was an intermediate type between 
the 2 mutants (Table 1). This suggested that the CPC gene and the ttg-related gene interact with each other in some 
way to participate in the formation of root hairs. 

[0051] Functional fragments of the polypeptide sequence of SEQ ID NO:1 may be encoded by a polynucleotide of 
55 the invention. Such fragment promotes root hair formation. Thus, a fragment may have the following activities: 

promotion of root hair formation to give plants with more root hair than usual, and/or 
reducing the number of trichomes in leaves and stems, and/or 
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hastening the flowering time of a plant and/or 
reducing the accumulation of anthocyanin in leaves. 

[0052] The polynucleotide sequence of SEQ ID NO:2 is typically in substantially isolated form. It may be purified. 

5 [0053] Plant cells from monocotyledonous or dicotyledonous plants can be transformed according to the present 
invention. Monocotyledonous species include barley, wheat, maize and rice. Dicotyledonous species include tobacco, 
tomato, sunflower, petunia, cotton, sugarbeet, potato, lettuce, melon, soybean, canola (rapeseed) and poplars. 
[0054] A transformed plant cell can be obtained which harbours DNA coding for the amino acid sequence of SEQ 
ID NO:1 or a substantially identical amino acid sequence, or a fragment of either amino acid sequence. The DNA is 

10 operably linked to a suitable promoter, i.e. to a promoter capable of driving expression of the encoded polypeptide or 
polypeptide fragment in the plant cell. This DNA could be in the form of unintegrated DNA or DNA which has integrated 
into the plant cell genome. Plants can be regenerated from such a cell which contain this DNA. for example integrated 
in the plant cell genome. 

15 SEQUENCE LISTING 

SEQ ID NO:1 

[0055] 

20 

LENGTH: 94 
TYPE: amino acid 
25 TOPOLOGY: not known 

MOLECULAR TYPE: amino acid 
ORIGINAL SOURCE 

30 

ORGANISM: Arabidopsis 
SEQUENCE: 

35 

Met Phe Arg Ser Asp Lys Ala Glu Lys Met Asp Lys Arg Arg Arg Arg 
Gin Ser Lys Ala Lys Ala Ser Cys Ser Glu Glu Val Ser Ser lie Glu 
40 Trp Glu Ala Val Lys Met Ser Glu Glu Glu Glu Asp Leu He Ser Arg 

Met Tyr Lys Leu Val Gly Asp Arg Trp Glu Leu He Ala Gly Arg He 
Pro Gly Arg Thr Pro Glu Glu He Glu Arg Tyr Trp Leu Met Lys His 

45 

' Gly Val Val Phe Ala Asn Arg Arg Arg Asp Phe Phe Arg Lys 

SEQ ID NO:2 

50 

[0056] 

LENGTH: 282 
55 TYPE: nucleic acid 

STRANDEDNESS: double 
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TOPOLOGY: linear 
MOLECULAR TYPE: cDNA 
5 ORIGINAL SOURCE 

ORGANISM: Arabidopsis 
SEQUENCE: 

10 

ATG TTT CGT TCA GAC AAG GCG GAA AAA ATG GAT AAA CGA CGA CGG AGA 
CAG AGC AAA GCC AAG GCT TCT TGT TCC GAA GAG GTG AGT AGT ATC GAA 

15 

TGG GAA GCT GTG AAG ATG TCA GAA GAA GAA. GAA GAT CTC ATT TCT CGG 
ATG TAT AAA CTC GTT GGC GAC AGG TGG GAG TTG ATC GCC GGA AGG ATC 

20 

CCG GGA CGG ACG CCG GAG GAG ATA GAG AGA TAT TGG CTT ATG AAA CAC 
GGC GTC GTT TTT GCC AAC AGA CGA AGA GAC TTT TTT AGG AAA 



30 

Claims 

1. An isolated polynucleotide coding for the amino acid sequence of SEQ ID NO: 1 or for a fragment of the said amino 
acid sequence, which promotes the formation of plant root hairs. 

35 

2. A polynucleotide according to claim 1 , which is a DNA sequence. 

3. A polynucleotide according to claim 2, which comprises the DNA sequence of SEQ ID NO:2 which encodes the 
amino acid sequence of SEQ ID NO:1 . 

40 

4. An isolated DNA fragment comprising a promoter operably linked to a DNA sequence as claimed in claim 2 or 3. 

5. A vector which comprises the isolated DNA fragment according to claim 4. 
45 6. A vector according to claim 5, which is a plasmid. 

7. A plant cell transformed with the isolated DNA fragment of claim 4 or the vector of claim 5. 

8. A transgenic plant, which has been regenerated from a plant cell as claimed in claim 7. 

50 

9. A transgenic plant comprising cells as defined in claim 7. 

10. Seed obtained from a transgenic plant as claimed in claim 8 or 9. 

55 11. A method of producing a transgenic plant, which method comprises: 

(i) transforming a plant cell with a vector as claimed in claim 5 or 6; 

(ii) regenerating a plant from the transformed cell; and 
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(iii) optionally, biologically replicating the plant that is produced. 

Patentanspriiche 

1. Isoliertes Polynucleotid. das fur die Aminosauresequenz von SEQ ID NO:1 oder fur ein Fragment dieser Amino- 
sauresequenz kodiert, das die Bildung von Pflanzenwurzelharchen beschleunigt. 

2. Polynucleotid nach Anspruch 1 , das eine DNA-Sequenz ist. 

3. Polynucleotid nach Anspruch 2, das die DNA-Sequenz von SEQ ID NO:2 umfaGt, die die Aminosauresequenz 
von SEQ ID NO:1 kodiert. 

4. Isoliertes DNA-Fragment, umfassend einen Promotor, der operabel an eine DNA-Sequenz nach Anspruch 2 Oder 
3 gebunden ist. 

5. Vektor, der das isolierte DNA-Fragment nach Anspruch 4 umfaBt. 

6. Vektor nach Anspruch 5, der ein Plasmid ist. 

7. Pflanzenzelle ; die mit dem isolierten DNA-Fragment nach Anspruch 4 oder dem Vektor nach Anspruch 5 trans- 
form iert ist. 

8. Transgene Pflanze, die aus einer Pflanzenzelle nach Anspruch 7 regeneriert worden ist. 

9. Transgene Pflanze, umfassend Zellen nach Anspruch 7. 

10. Samen, der von einer transgenen Pflanze nah Anspruch 8 oder 9 erhalten worden ist 

11. Verfahren zur Erzeugung einer transgenen Pflanze, wobei das Verfahren umfaftt: 

(i) Transformieren einer Pflanzenzelle mit einem Vektor nach Anspruch 5 oder 6; 

(ii) Regenerieren einer Pflanze aus der transformierten Zelle und 

(iii) gegebenenfalls biologisches Vermehren der erzeugten Pflanze. 

Revendications 

1. Polynucleotide isole, codant la sequence d'acides amines identifiee comme etant la "Sequence n° 1" ou un frag- 
ment de cette sequence d'acides amines, qui promeut la formation de poils radiculaires chez les vegetaux. 

2. Polynucleotide conforme a la revendication 1 , qui est une sequence d'ADN. 

3. Polynucleotide conforme a la revendication 2, qui comporte la sequence d'ADN identifiee comme etant la "Se- 
quence n° 2", laquelle code la sequence d'acides amines identifiee comme etant la "Sequence n° 1". 

4. Fragment d'ADN isole, comportant un promoteur operationnellement lie a une sequence d'ADN conforme a la 
revendication 2 ou 3. 

5. Vecteur comportant un fragment d'ADN isole conforme a la revendication 4. 

6. Vecteur conforme a la revendication 5, qui est un plasmide. 

7. Cellule vegetale transformee au moyen d'un fragment d'ADN isole conforme a la revendication 4 ou d'un vecteur 
conforme a la revendication 5. 

8. Plante transgenique, regeneree a partir d'une cellule vegetale conforme a la revendication 7. 
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9. Plante transgenique comportant des cellules conformes a la revendication 7. 

10. Semence obtenue a partir d'une plante transgenique conforme a la revendication 8 ou 9. 
5 11. Procede de production de plantes transgeniques, lequel procede comporte : 

a) le fait de transformer une cellule vegetale au moyen d'un vecteur conforme a la revendication 5 ou 6 ; 

b) le fait de regenerer une plante a partir de cette cellule transformed ; 

c) et le cas echeant, le fait de repliquer biologiquement la plante ainsi produite. 

10 
15 
20 
25 
30 
35 
40 
45 
50 
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FIG.1 
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FIG.2 
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